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(54) MOTOR TORQUE CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce oscillation and a 
noise level by providing an inverter for supplying 
energization so that an electrical angle may be higher 
than 120 degrees and equal to 180 degrees or lower, and 
a torque control means for controlling the generated 
torque of a motor so as to meet torque generated by the 
motor and load torque generating a load factor. 
SOLUTION: A torque control means 1 1 controls 
energization to a motor 4 so as to meet the rotational 
acceleration or the rotational speed of the rotor of a 
motor 4, and reduces a rotational pulse. The torque 
control means 1 1 controls the rotational acceleration of 
the rotor so as to become zero in order to control the 
pulse. The torque control means 1 1 difference the 
rotational speed using the rotor acceleration detecting 
means 12, and detects the rotational acceleration. An 
acceleration control means 1 3 outputs a torque 
command correction amount which bring the 
acceleration to zero, to an inverter 3. 




http://www1 9.ipdl.inpit.go jp/PAl /result/detail/main/wAAApnaitqDA41 3037281 PI ... 2008/07/08 



JP,2001 -037281, A [CLAIMS] 



1/5 ^— 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An electric motor which drives a load factor, and an inverter which supplies alternating 
current power to said electric motor, In [ have a torque control means which controls said 
inverter so that torque which said electric motor generates, and load torque which said load 
factor generates may be coincided, and ] said inverter, A torque control device of an electric 
motor with which an energization angle for an ac output to said electric motor is 1 80 degrees or 
less more greatly than 1 20 degrees. 

[Claim 2]A torque control device of an electric motor characterized by comprising the following. 
A rotator acceleration detecting means from which said torque control means detects roll 
acceleration of a rotator of said electric motor. 

An acceleration control means to control either voltage given to said electric motor based on a 
deviation of roll acceleration and roll acceleration instructions which were detected, or current. 

[Claim 3]While said acceleration control means corresponds for every predetermined rotary 
place of a rotator of said electric motor and is provided with two or more controlled variable 
computing means which calculate either voltage given to said electric motor based on a deviation 
of roll acceleration and roll acceleration instructions which were detected, or current, A torque 
control device of the electric motor [ provided with a torque command correction amount 
interpolation means which calculates a controlled variable corresponding to arbitrary rotary 
places with interpolation of a value of two or more of said controlled variable computing means ] 
according to claim 2. 

[Claim 4]A torque control device of an electric motor characterized by comprising the following. 
A rotor position speed detection means from which said torque control means detects revolving 
speed of a rotator of said electric motor. 

A speed control means which controls either voltage given to said electric motor based on a 
deviation of revolving speed and a revolutional speed command which were detected, or current. 

[Claim 5]While said speed control means corresponds for every predetermined rotary place of a 
rotator of said electric motor and is provided with two or more controlled variable computing 
means which calculate either voltage given to said electric motor based on a deviation of 
revolving speed and a revolutional speed command which were detected, or current, A torque 
control device of the electric motor [ provided with a torque command correction amount 
interpolation means which calculates a controlled variable corresponding to arbitrary rotary 
places with interpolation of a value of two or more of said controlled variable computing means ] 
according to claim 4. 

[Claim 6]A torque control device of an electric motor characterized by comprising the following. 
A speed difference detection means which detects a difference of revolving speed of a position 
which said torque control means faces to an angle of rotation of a rotator of said electric motor. 
A speed-difference control means which controls either voltage given to said electric motor 
based on detected speed difference, or current. 
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[Claim 7]While said speed-difference control means corresponds for every predetermined rotary 
place of a rotator of said electric motor and is provided with two or more controlled variable 
computing means which calculate either voltage given to said electric motor based on detected 
speed difference, or current, A torque control device of the electric motor [ provided with a 
torque command correction amount interpolation means which calculates a controlled variable 
corresponding to arbitrary rotary places with interpolation of a value of two or more of said 
controlled variable computing means ] according to claim 6. 

[Claim 8]A torque control device of an electric motor of any one statement of claim 1 thru/or 
claim 7 characterized by comprising the following. 

A current point estimate presumed from a pressure value which said inverter is provided with 
two or more current sensors which detect current of said electric motor, and said inverter 
outputs, and weighted solidity of said electric motor. 

A function which is provided with a rotor position estimation means which presumes a rotor 
magnetic pole position of said electric motor based on a deviation with a current value detected 
by said current sensor, and controls energization based on information on a presumed rotor 
magnetic pole position. 

[Claim 9]A torque control device of the electric motor according to claim 2 or 3 characterized by 
comprising the following. 

A current point estimate presumed from a pressure value which said rotator acceleration 
detecting means is provided with two or more current sensors which detect current of said 
electric motor, and said inverter outputs, and weighted solidity of said electric motor. 
A function to presume roll acceleration of said electric motor based on a deviation with a current 
value detected by said current sensor. 

[Claim 10]A torque control device of the electric motor according to claim 4 or 5 characterized 
by comprising the following. 

A current point estimate presumed from a pressure value which said rotor position speed 
detection means is provided with two or more current sensors which detect current of said 
electric motor, and said inverter outputs, and weighted solidity of said electric motor. 
A function to presume revolving speed of said electric motor based on a deviation with a current 
value detected by said current sensor. 

[Claim 1 1]A torque control device of the electric motor according to claim 6 or 7 characterized 
by comprising the following. 

A current point estimate presumed from a pressure value which said speed difference detection 
means is provided with two or more current sensors which detect current of said electric motor, 
and said inverter outputs, and weighted solidity of said electric motor. 

A function to presume rotational speed difference of said electric motor based on a deviation 
with a current value detected by said current sensor. 

[Claim 12]An electric motor which drives a load factor, and an inverter which supplies alternating 
current power to said electric motor. In a torque control device of an electric motor provided 
with a torque control means which controls said inverter to coincide torque which said electric 
motor generates, and load torque which said load factor generates, A rotator acceleration 
detecting means which detects roll acceleration of a rotator of said electric motor, Have an 
acceleration control means to control either voltage given to said electric motor based on a 
deviation of roll acceleration and roll acceleration instructions which were detected, or current, 
and said torque control means, Have a torque correction amount storage means which 
memorizes a torque command correction amount of said inverter in each angle of rotation under 
1 rotation of said rotator, and at the time of starting of said electric motor. A torque control is 
performed by controlling either voltage given to said electric motor based on said torque 
command correction amount memorized by said torque correction amount storage means, or 
current, A torque control device of an electric motor with which said acceleration control means 
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performs a torque control after predetermined time using detected roll acceleration after 
starting. 

[Claim 1 3]An electric motor which drives a load factor, and an inverter which supplies alternating 
current power to said electric motor, In a torque control device of an electric motor provided 
with a torque control means which controls generating torque of said electric motor to coincide 
torque which said electric motor generates, and load torque which said load factor generates, A 
rotor position speed detection means which detects revolving speed of a rotator of said electric 
motor, Have a speed control means which controls either voltage given to said electric motor 
based on a deviation of revolving speed and a revolutional speed command which were detected, 
or current, and said torque control means. Have a torque correction amount storage means 
which memorizes a torque command correction amount of said inverter in each angle of rotation 
under 1 rotation of said rotator, and at the time of starting of said electric motor. A torque 
control is performed by controlling either voltage given to said electric motor based on said 
torque command correction amount memorized by said torque correction amount storage means, 
or current, A torque control device of an electric motor with which said speed control means 
performs a torque control after predetermined time using detected revolving speed after starting. 

[Claim 143An electric motor which drives a load factor, and an inverter which supplies alternating 
current power to said electric motor, In a torque control device of an electric motor provided 
with a torque control means which controls generating torque of said electric motor to coincide 
torque which said electric motor generates, and load torque which said load factor generates, A 
speed difference detection means which detects a difference of revolving speed of a position 
which faces to an angle of rotation of a rotator of said electric motor, Have a speed-difference 
control means which controls either voltage given to said electric motor based on detected 
rotational speed difference, or current, and said torque control means, Have a torque correction 
amount storage means which memorizes a torque command correction amount of said inverter in 
each angle of rotation under 1 rotation of said rotator, and at the time of starting of said electric 
motor. A torque control is performed by controlling either voltage given to said electric motor 
based on said torque command correction amount memorized by said torque correction amount 
storage means, or current, A torque control device of an electric motor with which a speed- 
difference control means performs a torque control after predetermined time using detected 
rotational speed difference after starting. 

[Claim 15]An electric motor which drives a load factor, and an inverter which supplies alternating 
current power to said electric motor, A torque control means which controls said inverter to 
coincide torque which said electric motor generates, and load torque which said load factor 
generates, A torque control device of an electric motor which controls torque stably when it has 
a source voltage detecting means which detects power supply voltage of a power supply input of 
said inverter and said torque control means applies amendment to output voltage of said inverter 
based on a value of detected power supply voltage. 

[Claim 16]A torque control device of an electric motor characterized by comprising the following. 
An electric motor which drives a load factor. 

An inverter which supplies alternating current power to said electric motor. 
Have a torque control means which controls said inverter so that torque which said electric 
motor generates, and load torque which said load factor generates may be coincided, and said 
torque control means, A function to reduce vibration at the time of a stop by stopping 
energization by a position of a rotator magnetic pole of this electric motor at the time of a stop 
of said electric motor. 

[Claim 1 7]A torque control device of the electric motor according to claim 1 6 to which said 
torque control means changes a position of a rotator magnetic pole of said electric motor which 
stops energization at number of rotations of this electric motor before a stop. 
[Claim 1 8]A torque control device of the electric motor according to claim 1 6 to which a position 
of a rotator magnetic pole of said electric motor with which said inverter stops energization is 
changed by torque of this electric motor before a stop. 
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[Claim 19]Said acceleration control means corresponded for every predetermined rotary place of 
a rotator of said electric motor, and is provided with two or more controlled variable computing 
means which calculate either voltage given to said electric motor based on a deviation of roll 
acceleration and roil acceleration instructions which were detected, or current, A torque control 
device of the electric motor according to claim 2 restricted so that, as for voltage or a current 
value which each controlled variable computing means outputs, below a predetermined value as 
which a difference with an output value of other controlled variable computing means which 
adjoin to an angle of rotation was determined beforehand may become. 

[Claim 20]Said speed control means corresponded for every predetermined rotary place of a 
rotator of said electric motor, and is provided with two or more controlled variable computing 
means which calculate either voltage given to an electric motor based on a deviation of revolving 
speed and a revolutional speed command which were detected, or current, A torque control 
device of the electric motor according to claim 4 restricted so that, as for voltage or a current 
value which each controlled variable computing means outputs, below a predetermined value as 
which a difference with an output value of other controlled variable computing means which 
adjoin to an angle of rotation was determined beforehand may become. 

[Claim 21]Said speed-difference control means corresponded for every predetermined rotary 
place of a rotator of said electric motor, and is provided with two or more controlled variable 
computing means which calculate either voltage given to said electric motor based on detected 
speed difference, or current, A torque control device of the electric motor according to claim 6 
restricted so that, as for voltage or a current value which each controlled variable computing 
means outputs, below a predetermined value as which a difference with an output value of other 
controlled variable computing means which adjoin to an angle of rotation was determined 
beforehand may become. 

[Claim 22]While said acceleration control means corresponds for every predetermined rotary 
place of a rotator of said electric motor and is provided with two or more controlled variable 
computing means which calculate either voltage given to said electric motor based on a deviation 
of roll acceleration and roll acceleration instructions which were detected, or current, A torque 
control device of the electric motor [ provided with a controlled-variable adjustment device 
which restricts voltage or a current value which each controlled variable computing means 
outputs within the limits of the predetermined minimum and the maximum ] according to claim 2. 
[Claim 23]While said speed control means corresponds for every predetermined rotary place of a 
rotator of said electric motor and is provided with two or more controlled variable computing 
means which calculate either voltage given to said electric motor based on a deviation of 
revolving speed and a revolutional speed command which were detected, or current, A torque 
control device of the electric motor [ provided with a controlled-variable adjustment device 
which restricts voltage or a current value which each controlled variable computing means 
outputs within the limits of the predetermined minimum and the maximum ] according to claim 4. 
[Claim 24]While said speed-difference control means corresponds for every predetermined 
rotary place of a rotator of said electric motor and is provided with two or more controlled 
variable computing means which calculate either voltage given to said electric motor based on 
detected speed difference, or current, A torque control device of the electric motor [ provided 
with a controlled-variable adjustment device which restricts voltage or a current value which 
each controlled variable computing means outputs within the limits of the predetermined 
minimum and the maximum ] according to claim 6. 

[Claim 25]A torque control device of an electric motor of any one statement of claim 22 as 
which the range of the minimum of voltage which said controlled-variable adjustment device 
restricts, or a current value, and the maximum is determined with current capacity of said 
inverter thru/or claim 24. 

[Claim 26]The range of the minimum of voltage which said controlled-variable adjustment device 
restricts, or a current value, and the maximum with a control regulating ratio. A torque control 
device of an electric motor of any one statement of claim 22 thru/or claim 24 by which 
adjustment restriction is carried out at a range which multiplied the range of the predetermined 
minimum or the maximum given beforehand by a control regulating ratio. 
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[Claim 27]A torque control device of the electric motor according to claim 26 which has the 
function to set up the range of the minimum or the maximum with a control regulating ratio to 
which a value of a controlled-variable regulating ratio was inputted into from the exterior, is 
equipped with a control regulating ratio input means which has a function outputted to said 
controlled-variable adjustment device, and said controlled-variable adjustment device was given. 
[Claim 28]A torque control device of the electric motor according to claim 26 with which said 
control regulating ratio decreases that it is also at predetermined magnification when output 
voltage of said inverter reaches the maximum. 

[Claim 29]A torque control device of the electric motor according to claim 26 with which said 
control regulating ratio decreases that a predetermined time variation is also when output 
voltage of said inverter reaches the maximum. 

[Claim 30]A torque control device of the electric motor according to claim 28 or 29 with which it 
is increased by said control regulating ratio that a predetermined time variation is also when 
output voltage of said inverter becomes lower than the maximum. 

[Claim 31]An electric motor which drives a load factor, and an inverter which supplies alternating 
current power to said electric motor, In a torque control device of an electric motor provided 
with a torque control means which controls generating torque of said electric motor to coincide 
torque which said electric motor generates, and load torque which said load factor generates, A 
torque control device of an electric motor which carries out a torque control above 
predetermined number of rotations. 

[Claim 32]A torque control device of the electric motor according to claim 26 which decreases 
an effect of a torque control gradually by decreasing said control regulating ratio to time as it is 
also at a fixed rate in stopping a torque control of said torque control means. 
[Claim 33]A torque control device of an electric motor characterized by comprising the following. 
An electric motor which drives a load factor. 

An inverter which supplies alternating current power to said electric motor. 
In a torque control device of an electric motor provided with a torque control means which 
controls generating torque of said electric motor to coincide torque which said electric motor 
generates, and load torque which said load factor generates, A function for said inverter to hang 
stop torque by predetermined time and a brake output of said inverter at the time of a stop of 
said electric motor, and to reduce vibration at the time of a stop. 

[Claim 34]A torque control device of the electric motor according to claim 33 which decides on 
time to have a current sensor which detects current of said electric motor, and for said torque 
control device hang stop torque by a brake output of said inverter according to the amount of 
change of a detected current value. 

[Claim 35]A torque control device of the electric motor according to claim 34 which ends that 
said torque control device will hang stop torque by a brake output of said inverter if the amount 
of change of a detected current value becomes below a predetermined value. 
[Claim 36]A torque control device of an electric motor of any one statement of claim 1 in which 
said electric motor is a brushless DC motor thru/or claim 35. 

[Claim 37]A torque control device of an electric motor of any one statement of claim 1 whose 
load factor of said electric motor is a rotary compressor thru/or claim 35. 
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DETAILED DESCFHRTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the torque control device of the electric motor 
which can operate a compressor, especially a compressor with a large change of load torque with 
low vibration and a low noise. 
[0002] 

[Description of the Prior Art]In recent years, in the air conditioner, the necessity of reducing 
power consumption from a viewpoint of earth environment protection is large. Generally in it, the 
air conditioner using the inverter which can drive the electric motor of a compressor on arbitrary 
frequency is widely used as one of the art of power saving. 

[0003] However, when it was going to drive the rotary compressor of one piston with high 
efficiency of a compressor with an inverter, in especially the low rotational frequency region, 
vibration and noise increased and utilization was difficult. As shown in drawing 13 , although the 
load torque added to a rotary compressor became the maximum to the timing which carries out 
the regurgitation of the refrigerant, it was sharply changed according to angle of rotation, and 
revolving speed rippled it greatly by that cause, and it had generated vibration and noise. The 
pulsation increases, so that number of rotations is low, and the amplitude of vibration by it also 
increases. Therefore, operation in a low rotational frequency region was difficult for especially 
the thing for which the rotary compressor of one piston is driven with an inverter, the capacity 
control range became narrow, and it became difficult to acquire power saving of an inverter and 
the effect of a low noise. 

[0004]In order to solve these problems, for example as shown in JP,1-133585,A, The angle of 1 
rotation of a rotary compressor was divided into plurality, the rotator acceleration detecting 
means detected the roll acceleration at a divided angle given [ the ], and low vibration-ization 
was realized by generating the current command given to an electric motor based on the 
deviation of roll acceleration instructions and roll acceleration, and performing a torque control. 
It has a torque pattern storage parts store which memorizes the pattern of the load per rotation 
of an electric motor as shown in JP,6-9439,B, Low vibration-ization was realized by calling data 
from said torque pattern storage parts store according to the angle of rotation of an electric 
motor, generating a current command from the called data, and performing a torque control. 
[0005] 

[Problem(s) to be Solved by the Invention]In the torque control device of such a conventional 
electric motor, the method of driving an electric motor is a method which detects and drives the 
induced voltage of said electric motor, therefore was driven by energizing said electric motor 120 
degrees by each three phase circuit and an electrical angle. Therefore, the noise which pulsation 
of the current generated when a torque control is performed is sharply changed every 60 
degrees by an electrical angle, therefore originates in it, i.e., the noise of a cogging ingredient, 
was quite large. 

[0006] Drawing 14 is a wave form chart showing an example of current when a torque control is 
carried out and it drives by the above-mentioned conventional method. Drawing 15 is a wave 
form chart showing an example of vibration of the circumferencial direction of the compressor at 
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that time. Current is sharply changed corresponding to pulsation of torque, and while flowing 
greatly in the timing of the regurgitation of a refrigerant, after the regurgitation hardly needs 
torque, but as shown in drawing 14 and drawing 15 , it is changed so that current may hardly flow. 
Since commutation occurs every 60 degrees, change of the time of turn of tide of current is 
large. Therefore, vibration and noise which originate in it and are generated became very large, 
and there was a problem that the device for vibration proof and noise control was enlarged. 
[0007]When a torque control is carried out with the conventional method and it drives, in order 
to take time to stabilize control, the problem that vibration and noise increased at the time of 
starting had occurred. Since the voltage of the power supply supplied to an inverter would be 
sharply changed if the size of driving load changes, it was difficult to change the output torque 
by an inverter and to stabilize control promptly. 

[0008]In the case of the large load of a torque pulse like the rotary compressor of one piston, at 
the time of shutdown, depending on the timing of the stop, compressor rotation was changed 
sharply, therefore a compressor and the still bigger vibration to the whole air conditioner were 
given. 

[0009]When torque was controlled and driven with the conventional method, the high order noise 
component went into detection speed, acceleration, and speed-difference information, and it had 
become what has the unstable output characteristics of a torque control. Since the output of a 
torque control cannot be adjusted, in order to always hang a torque control on full, current 
became great and operating efficiency was getting worse. Since the torque control was hung in 
all the operation fields, operating efficiency was getting worse also in the field with comparatively 
little high-speed vibration. 

[0010]When it is made in order that this invention may solve the above-mentioned technical 
problem, and the compressor of an air conditioner is driven by a frequency variable and 
capability is controlled. Even if you operate an efficient compressor especially in a low rotational 
frequency region, let it be the purpose or the issue which should be solved to provide the torque 
control device of the electric motor which can make vibration and a noise level low. 
[0011] 

[Means for Solving the Problem]A torque control device of an electric motor this invention made 
in order to solve the above-mentioned technical problem is characterized by that comprises the 
following. 

An electric motor which drives a load factor. 

An inverter which is 180 degrees or less about an energization angle more greatly than 120 
degrees, and supplies alternating current power to an electric motor. 

A torque control means which controls generating torque of an electric motor to coincide torque 
which an electric motor generates, and load torque which a load factor generates. 

[001 2]A torque control device of the above-mentioned electric motor may be provided with an 
acceleration control means to control either voltage given to an electric motor based on a 
deviation of a rotator acceleration detecting means which detects roll acceleration of a rotator 
of an electric motor, and roll acceleration and roll acceleration instructions which were detected, 
or current. 

[001 3]A torque control device of the above-mentioned electric motor may be provided with a 
speed control means which controls either voltage given to an electric motor based on a 
deviation of a rotor position speed detection means which detects revolving speed of a rotator 
of an electric motor, and revolving speed and a revolutional speed command which were 
detected, or current. 

[001 4]A torque control device of the above-mentioned electric motor may be provided with a 
speed difference detection means which detects a difference of revolving speed of a position 
which faces to an angle of rotation of a rotator of an electric motor, and a speed-difference 
control means which controls voltage or current given to an electric motor based on detected 
speed difference. 

[0015]Even when driving load factors, such as a large compressor of a torque pulse, by these, 
rotation pulsation can be reduced, and it drives with a smooth current wave form near a sine 
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wave, and a low noise level can be realized. 

[0016]In a torque control device of these electric motors. Roll acceleration, revolving speed, or 
speed difference from which an acceleration control means, a speed control means, or a speed- 
difference control means was detected, respectively, While corresponding for every 
predetermined rotary place of a rotator of an electric motor and having two or more controlled 
variable computing means which calculate either voltage given to said electric motor or current 
based on a deviation with these command values, It may have a torque command correction 
amount interpolation means which calculates a controlled variable corresponding to arbitrary 
rotary places with interpolation of a value of two or more controlled variable computing means. 
[0017]When an inverter is provided with two or more current sensors which detect current of an 
electric motor as for a torque control device of these electric motors, A current point estimate 
presumed from a pressure value which an inverter outputs, and weighted solidity of an electric 
motor, It is preferred to have a function which is provided with a rotor position estimation means 
which presumes a rotor magnetic pole position of an electric motor based on a deviation with a 
current value detected by current sensor, and controls energization based on information on a 
presumed rotor magnetic pole position. 

[001 8]A torque control device of these electric motors, When a rotator acceleration detecting 
means, a rotor position speed detection means, or a speed difference detection means is 
provided with two or more current sensors which detect current of an electric motor, It is 
preferred to have a function to presume roll acceleration, revolving speed, or rotational speed 
difference of an electric motor based on a deviation of a current point estimate presumed from a 
pressure value which an inverter outputs, and weighted solidity of an electric motor, and a 
current value detected by current sensor. 

[0019]This invention is provided with a torque correction amount storage means which 
memorizes a torque command correction amount of an inverter in each angle of rotation under 1 
rotation of one rotator, and a torque control means at the time of starting of an electric motor. 
After starting by performing a torque control by controlling either voltage given to an electric 
motor based on a torque command correction amount memorized by torque correction amount 
storage means, or current, after predetermined time, A torque control device of an electric 
motor provided with an acceleration control means, a speed control means, or a speed- 
difference control means which performs a torque control using detected roll acceleration, 
revolving speed, or rotational speed difference is provided. Thereby, low vibration and a low noise 
stable from the time of starting are realizable. 

[0020]This invention provides a torque control device of an electric motor provided with a torque 
control means which has a function which is provided with a source voltage detecting means 
which detects voltage of a power supply input of an inverter, and applies amendment to output 
voltage based on a value of detected power supply voltage. By this, even when a power supply is 
unstable, it is stabilized, and low vibration and a low noise can be realized. 
[0021 ]At the time of a stop of an electric motor, this invention has the function to stop 
energization for a position of a rotator magnetic pole of an electric motor by a position, and 
provides a torque control device of an electric motor provided with an inverter further changed 
by number of rotations or torque before stopping the stop position. A torque control means 
changes a position of a rotator magnetic pole of said electric motor which stops energization at 
number of rotations of this electric motor before a stop. An inverter changes a position of a 
rotator magnetic pole of an electric motor which stops energization by torque of an electric 
motor before a stop. 

[0022]Thereby, at the time of a stop of an electric motor, a low vibration at the time of a stop is 
realizable by stopping energization by a position of a rotator magnetic pole of an electric motor, 
and changing the stop position by number of rotations or torque before a stop further. 
[0023]A torque control device of these electric motors may be provided with a torque control 
means restricted so that a difference with an output value of other controlled variable computing 
means which voltage or a current value to output adjoins to an angle of rotation may become 
below the predetermined value defined beforehand. Thereby, a stable torque control is realizable. 
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[0024]A torque control device of these electric motors may be provided with a torque control 
means which sets an upper and lower limit of the torque command as values, such as electric 
capacity of an inverter, to each of an acceleration control output in a torque control, a speed- 
control output, or a speed-difference control output. Thereby, protection of a device is 
realizable. 

[0025]A torque control device of an electric motor may equip a range which the range of the 
minimum to which these torque commands are restricted, and the maximum multiplied by a 
control regulating ratio from the range of the minimum beforehand given with a given 
predetermined control regulating ratio, and the maximum with a controlled-variable adjustment 
device by which adjustment restriction is carried out. Thereby, a torque control which suited a 
required controlled variable by adjustment of a controlled variable is realized. 
[0026]A torque control device of these electric motors may be provided with a control regulating 
ratio input means which inputs a control regulating ratio from the exterior. Thereby, a device with 
which a user can choose operation setting focused on energy saving is realized. 
[0027]In a torque control device of these electric motors, when output voltage of an inverter 
reaches the maximum, a control regulating ratio may be changed. Thereby, disorder of a voltage 
waveform at the time of voltage saturation and an unstable drive are avoidable. 
[0028]When output voltage of an inverter reaches the maximum, it may be made to change a 
control regulating ratio at a predetermined rate of a temporal change in a torque control device 
of these electric motors. Thereby, a change shock at the time of change of a control regulating 
ratio can be reduced. 

[0029]lt may be made to stop a torque control above predetermined number of rotations in a 
torque control device of these electric motors. Thereby, a torque control with high operating 
efficiency is realized. 

[0030]A torque control device of these electric motors may have a function decreased as it is 
also at a fixed rate about a control regulating ratio at the time of a stop of a torque control. 
Thereby, a shock at the time of a torque control stop can be reduced. 

[0031] After a torque control device of these electric motors suspends a rotational output of an 
electric motor at the time of a stop of an electric motor, it may be provided with an inverter 
which performs a brake output. Thereby, further low vibration at the time of a stop is realized. 
[0032]A torque control device of these electric motors may have a function in which change of 
current determines time to perform a brake output at the time of an electric motor stop. 
Thereby, in the case of any loads, positive low vibration-ization is realized. 
[0033] 

[Embodiment of the Invention]In this invention, a torque control means reduces rotation 
pulsation by controlling the energization to an electric motor corresponding to the roll 
acceleration or revolving speed of a rotator of an electric motor. At this time, a torque control 
means controls the roll acceleration of said rotator to zero, in order to control pulsation. 
[0034]In an embodiment, it has two current sensors which detect the phase current of an 
electric motor, and the rotor position speed detection means established in the inverter 
functions as a rotor speed detection means, and detects the position and revolving speed of said 
rotator from said two phase currents. In a torque control means, said revolving speed shall be 
differentiated by a rotator acceleration detecting means, roll acceleration shall be detected, and 
the torque command correction amount which makes acceleration zero by an acceleration 
control means shall be outputted to an inverter. The above-mentioned rotor position speed 
detection means detects the position and speed of a rotator based on the difference between 
the output current calculated from the output of an inverter, and the weighted solidity of an 
electric motor, and actual current. In order to reduce pulsation, it cannot be overemphasized 
that rotor speed may be controlled uniformly. 

[0035]In this invention, the pulsation at the time of starting is controlled using the torque 
command correction amount which has a predetermined pattern considered that a torque control 
means is required to control the pulsation at the time of starting corresponding to the above- 
mentioned torque command correction amount not being obtained immediately after starting. 
[0036]In the embodiment, the hold stores of the above-mentioned predetermined torque 
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command correction amount are beforehand carried out to the torque correction amount storage 
means, At the time of starting, the torque control of the torque command correction amount is 
read and carried out, after the predetermined time where the torque control was stabilized, it 
shall shift to the torque control by the roll acceleration or revolving speed actually detected, and 
pulsation shall be controlled. 

[0037]In this invention, the torque control means shall cope with that a current change becomes 
large in order that the torque control in this invention may control pulsation, it is reflected in 
change of power supply voltage, and a torque control becomes uncertain, and shall amend a 
torque control by change of power supply voltage. According to an embodiment, a torque 
command shall be amended so that a source voltage detecting means may be established for 
power supply voltage, the detected power supply voltage may be inputted into a torque control 
means and the torque variation by change of power supply voltage may be offset. 
[0038]In this invention, the torque control means is coping with that the stop position of an 
electric motor influences the counterrotation vibration at the time of a stop greatly, at the time 
of a stop of an electric motor, stops energization and controls vibration so that the stop position 
of the rotator magnetic pole of an electric motor may turn into a small position of the above- 
mentioned vibration. The above-mentioned counterrotation vibration copes with that it is 
dependent on the number of rotations before a stop, or the size of torque, and is controlled to 
change a stop position by the number of rotations or torque before a stop. Although it supposes 
in an embodiment that the size of the phase current detects the size of the torque before a 
stop, for example, it is not limited to this. 

[0039] Hereafter, the concrete embodiment of this invention is described. 
(Embodiment 1 ) It explains, referring to drawings for the torque control device of the electric 
motor concerning the embodiment of the invention 1 hereafter. Drawing 1 is a block diagram 
showing the composition of the torque control device of the electric motor concerning 
Embodiment 1. In drawing 1 , the direct current voltage rectified by direct current in the 
rectification circuit 2 the input from AC power supply 1, Switching element 5a -5f in the inverter 
3 and reflux diode 6a -6f are changed into the volts alternating current of a three phase circuit 
by the circuit which became a pair, and the compressor motor 4 which is a brushless DC motor 
by that cause drives. 

[0040]In the inverter 3, the current of the compressor motor 4 detected by the current sensor 
7a - 7b is used. Based on the information on the rotor magnetic pole position presumed by the 
rotor position speed detection means 8 which carries out presumed detection of the rotor 
magnetic pole position of the compressor motor 4, Outputting a drive signal for the sine-wave- 
driving circuit 9 to drive the compressor motor 4 to the base driver 10, the base driver 10 
outputs the signal for driving switching element 5a -5f according to the drive signal. The speed 
of the rotator presumed using the current of the compressor motor 4 detected by the current 
sensor 7a - 7b by the rotor position speed detection means 8 which carries out presumed 
detection of the speed of the rotator of the compressor motor 4, From the information on a 
deviation with the target speed given from the outside, the sine-wave-driving circuit 9 is 
controlled so that rotor speed turns into target speed. 

[0041 ]In the torque control means 1 1, the rotator acceleration detecting means 12 calculates 
rotator acceleration by differentiating the rotor speed which the rotor position speed detection 
means 8 outputs. While the acceleration control means 1 3 outputs the torque command for 
controlling from the rotator acceleration and target acceleration which were detected so that 
acceleration turns into target acceleration to the sine-wave-driving circuit 9, After outputting 
the correction amount of the torque command memorized by the torque correction amount 
storage means 14 at the time of starting to the sine-wave-driving circuit 9, after predetermined 
time, the torque command for considering it as target acceleration is outputted. Using the 
information on the power supply voltage which the source voltage detecting means 16 detected 
based on the signal by which the partial pressure was carried out by the partial pressure 
resistance 1 5a and the partial pressure resistance 1 5b, the acceleration control means 1 3 added 
amendment to the torque command, and has realized the stable torque control. 
[0042]Next, operation of the rotor position speed detection means 8 is explained, referring to 
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drawings. Drawing 2 is a block diagram showing an example of the composition of the rotor 
position speed detection means 8, and operation. In drawing 2 , the three-phase-circuit 2 phase- 
number-conversion means 8a the current iu and the current iv which were detected by the 
current sensor 7a - 7b using the present rotor position estimation information theta by a formula 
(1). igamma of current (t) of the direction of axis gamma of direction of current idelta (t) and 
magnetic flux of the direction of axis delta of the revolving magnetic field of the brushless DC 
motor of the current time t It changes. 
[0043] 
[Equation 1] 
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[0044]the motor model current calculating means 8b — a motor constant (R: — resistance and 
Ld :d axis inductance.) Lq : q axis inductance, TS : Using the information on control cycle and 
current idelta, i gamma, the inverter output voltage of V gamma, Vdelta, presumed speed 
omegaM, and the presumed reverse electromotive voltage eM, by a formula (2) from the model 
formula of a brushless DC motor. Motor current iM[ of the current time t in the control cycle 
Ts ] delta (t) and iMgamma (t) are presumed. 
[0045] 
[Equation 2] 
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[0046]Presumed motor current iMdeita (current error **idelta (t) considered that the motor 
model error occurred owing to using t) and iMgamma (t), and actually detected current idelta (t) 
and igamma (t) and **igamma(t) is called for by a formula (3). 
[0047] 
[Equation 3] 



- (3) 



[0048]Since this current error originates in the presumed reverse electromotive voltage eM, the 
estimated position theta, and presumed speed omegaM, if the information on this current error is 
used, it can correct the presumed reverse electromotive voltage eM, the estimated position 
theta, and presumed speed omegaM to an exact value. The reverse electromotive voltage 
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estimation means 8c presumes the presumed reverse electromotive voltage eM by a correction 
operation from current error **idelta and gain germanium by a formula (4). 
[0049] 
[Equation 4] 

.B„(t}«8„tt-1 ) -QeAl^(t) (41 

[0050]The speed estimating means 8d presumes presumed speed omegaM with a formula (5) by 

the presumed reverse electromotive voltage eM, the reverse electromotive voltage coefficient 

KE, current error **igamma. the control cycle Ts and speed average value omegaMO, and gain 

Gtheta. 

[0051] 

[Equation 5] 

«„(t}«— + — -sonC^^^ct-DhAMt) (5) 

Kg TS 

[0052]The position estimation means 8e presumes the control cycle Ts and presumed speed 
omegaM to estimated-position thetaM by a formula (6). The position and speed of a rotator are 
presumed by this operation. 
[0053] 
[Equation 6] 

<J}^<t} «tf^(t-l) 4^Ts*«„<t> (6) 

[0054]Next, it explains, referring to drawings for operation of the sine-wave-driving circuit 9 in 
this embodiment. Drawing 3 is a block diagram showing the composition and operation of one 
embodiment of the sine-wave-driving circuit 9. In drawing 3 , the three-phase-circuit 2 phase- 
number-conversion means 8a is first changed into current idelta and i gamma of current from 
the current iu detected by the current sensor 7a - 7b and iv by the formula (1) using the 
presumed rotor position theta. 

[0055] From information on a deviation of the present speed and target speed, a torque command 
calculates by the speed control means 9a so that speed may be followed at target speed. To a 
torque command to which a torque command correction amount calculated by the torque control 
means 1 1 was added, by a deviation of present current idelta to the current delta PI control 
means 9b, it asks for an output command by general PI control, and is considered as an output 
of delta shaft orientations. On the other hand, by a deviation of i gamma of the present current 
to the current gamma PI control means 9c, it asks for an output command by general PI control, 
and is considered as an output of gamma shaft orientations. From output Vdelta of a called-for 
2-way, and Vgamma, a formula (7) changes and asks using the position theta of a rotator by 
which the output voltage Vu of a three phase circuit, Vv, and Vw were presumed that an output 
wave serves as a sine wave by general 2 phase three-phase-circuit conversion method 9d. 
[0056] 
[Equation 7] 
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[0057]The gating signal which determines six turning on and off of switching element 5a -5f for a 
three phase circuit calculates by the gating signal generating means 9f, and is outputted to the 
base driver 1 0 so that the power-supply-voltage compensation means 9e may perform 
amendment by power supply voltage and called-for 3-phase output voltage may be realized. 
[0058]Next, operation of an example of the torque control means 1 1 in this embodiment is 
explained. Drawing 4 is a wave form chart showing an example of change of load torque to angle 
of rotation of the compressor motor 4, speed, detection speed, detection acceleration, and a 
torque command correction amount. As explained previously, load torque of a compressor, 
especially 1 piston rotary compressor is sharply changed with the angle of rotation. When there 
is such load torque change, speed of a rotator is changed as it will fail if load torque becomes 
large, and were shown in a figure and it increases, when load torque is conversely small. On the 
other hand, in the opposite form of load torque, when load torque is large, acceleration is 
changed as acceleration falls. Since vibration of a compressor wants to fall now, if load torque 
makes output torque by the inverter 3 the maximum in a required position and load torque 
reduces output torque by the inverter 3 in a low position conversely, torque will balance and 
vibration will be reduced. 

[0059] Drawing 5 is a block diagram showing composition and operation of the torque control 
means 1 1 in this embodiment. Although what is necessary is just to reduce velocity turbulence 
since it is the purpose to reduce speed pulsation, in order to reduce velocity turbulence, it is 
clear that what is necessary is just to control torque to set an acceleration component to 0. 
Then, the rotator acceleration detecting means 12 calculates acceleration of a rotator by 
calculating change of the value first using speed obtained by the rotor position speed detection 
means 8. An acceleration difference is searched for from a deviation with the acceleration 0 
which is a target. Since a torque pulse has a certain pattern to rotation of a rotator, it becomes 
controllable [ which eliminated influence of a control delay ] by changing control by the angular 
position of a rotator. 

[0060]That is, if it does not control to a position of a rotator using acceleration corresponding to 
the position when controlling acceleration, controlling performance gets worse by control delay 
of acceleration control. Therefore, a position of a rotator is divided into two or more fields, and 
suppose that acceleration control is calculated for every field of the.An operation is based on 
the following formula (8). 
[0061] 

tr(n+1, i) =tr(n, i)-Gaxa(i) (8) 

Here, it is tKn, i):inverter torque command (nrrotation eye, i: rotor position). 
a(i): Rotator acceleration (i: rotor position) 

Ga: — a control gain — here, suppose that acceleration control is divided into N fields to the 
rotator angular position, and it calculates in the acceleration control #1 means 1 7 thru/or the 
acceleration control #N means 18. Since a actual rotator angle is continuation, a control output 
to the rotator angular position is outputted by the torque command correction amount 
interpolation means 1 9 as an interpolation value of N control outputs. 

[0062] Drawing 6 is a characteristic figure showing operation of the torque command correction 
amount interpolation means 1 9. Although N control outputs under 1 rotation are called for by the 
acceleration control #1 means 17 thru/or the acceleration control #N means 18, since the 
rotator angular position is continuous quantity, a torque command correction amount to arbitrary 
positions is calculated by linear interpolation of N control outputs. 

[0063]Although this embodiment explained an example of control of the torque control means 1 1 
which used acceleration, even if it carries out control same about speed, it is clear that the 
same torque control effect is acquired. 

[0064]A graph (1) and a graph (2) in drawing 7 are a wave form chart showing an example of a 
control result obtained by a torque control device of an electric motor of this invention. A graph 
(1) in drawing 7 shows an example of transition of the compressor acceleration of vibration when 
not carrying out a torque control, a torque command, motor current, and detection rotator 
acceleration, thus, torque finger Rerichi — in having no torque control made into a law, rotator 
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acceleration is also changed in response to influence of pulsation of load torque of a 
compressor, and, thereby, vibration of a compressor is large. A graph (2) in drawing 7 shows an 
example of an experimental result at the time of carrying out a torque control. Thus, a vibration 
level is falling by operating a torque command according to detected rotator acceleration in a big 
place of load torque of a compressor by making a torque command of a motor output increase 
and reducing torque of a motor output in a small place of load torque. 
[0065] Drawing 8 shows an experimental result of the maximum counterrotation speed to a 
rotation stop angle of 1 piston rotary compressor. The maximum counterrotation speed caused a 
shock at the time of a stop, and vibration at the time of a stop becomes large, so that this value 
is large. Vibration at the time of a stop is sharply changed with an angle which suspends rotation 
so that drawing 8 may show. If controllable [ to a predetermined rotation stop angle ] from this, it 
is possible to lessen a vibration level at the time of a stop. A relation between this rotation stop 
angle and the maximum counterrotation speed changes with compressor load at that time, and 
compressor number of rotations. That is, since it is in a tendency for energy of counterrotation 
to become large, the more the more compressor load becomes large, it is necessary to shift 
timing of rotation stops forward and backward corresponding to compressor load. Similarly, it is 
necessary to shift timing of rotation stops corresponding to change of compressor number of 
rotations. The sine-wave-driving circuit 9 in this embodiment presumes compressor load torque 
from current idelta, determines timing of rotation stops according to compressor load torque, 
determines a stop position that vibration becomes the minimum according to that operating 
environment, and suspends an output of the inverter 3. 

[0066] Drawing 9 is a characteristic figure showing an example of transition of do output voltage 
of the rectification circuit 2, i.e., power supply voltage to the inverter 3. When driving load like a 
compressor with an intense torque pulse, for example, 1 piston rotary compressor, with the 
inverter 3, When a torque control is especially performed like the torque control means 1 1 in this 
embodiment, Since it is [ 1 of compressor ] under rotation and output torque by the inverter 3 is 
changed, output current will also be changed synchronizing with rotation, and in a case where 
the rectification circuit 2 of still more general composition is used, output voltage will also be 
rippled according to it. Therefore, as shown in this drawing 9 , voltage is changed between the 
maximum Vmax and the minimum Vmin. In order to also influence output torque according to it, 
problems, like time until it is completed by torque control becomes long arise. By this 
embodiment, controlling performance is raised to it by applying amendment to output torque by 
the inverter 3 using a supply voltage value calculated by the source voltage detecting means 16. 
[0067]That is, it controls like a flow chart shown in drawing 10 . First, in Step S1 1, power supply 
voltage is detected by the source voltage detecting means 16. Next, in Step SI 2, the output 
voltage Vu of a three phase, Vv, and Vw calculate by 2 phase three-phase-circuit conversion 
method 9d in the sine-wave-driving circuit 9. And in Step SI 3, a duty factor of PWM is called for 
by the power-supply-voltage compensation means 9e from a ratio with the power supply voltage 
Vin, the output voltage Vu, Vv, and Vw. In Step SI 4, a gating signal according to a duty factor 
called for by the gating signal generating means 9f is outputted to the base driver 10. 
[0068]Next, an improvement function of control starting performance of the torque control 
means 1 1 using the torque correction amount storage means 14 is explained. Drawing 1 1 is a 
characteristic figure showing load torque at the time of starting of a torque control, and steady 
operation, and an example of transition of a torque command correction amount. During steady 
operation, control was also stabilized, and a torque command correction amount was controlled 
to load torque, and it balances and is stable. However, since control has not been performed yet 
at the time of starting, a torque command correction amount is in a state, i.e., a state of the 
torque command correction amount 0, where control is not made, and its control is abortive, 
therefore a torque pulse is intense, and vibration at the time of starting becomes excessive. 
[0069]Since it has the torque correction amount storage means 14 in this embodiment and 
control is made to it according to a torque command correction amount controlling performance 
is beforehand guaranteed to be mostly and which was memorized at the time of starting, 
vibration can be reduced from the starting time. 

[0070]That is, like a flow chart shown in drawing 12 , when startup instructions are checked at 
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Step S21, in Step S22, a torque command correction amount is first loaded from the torque 
correction amount storage means 14. Next, if fixed time until control calculation is stabilized in 
Step S24 passes in Step S23 after an operation of acceleration control is started by the 
acceleration control means 1 3, In Step S25, the operation output of the torque command is 
carried out based on an output of acceleration control called for by the acceleration control 
means 13. By the above procedure, torque controlling performance is raised also at the time of 
starting. 

[0071](Embodiment 2) The embodiment of the invention 2 is described hereafter. Drawing 16 is a 
block lineblock diagram of a torque control device of an electric motor concerning the 
embodiment of the invention 2. In order to avoid duplication of explanation, in drawing 16 . the 
same number as drawing 1 gives drawing 1 (embodiment 1) and a common component, and the 
explanation is omitted. 

[00723According to Embodiment 2, the rotor speed difference detection means 20 established in 
the torque control means 1 1 calculates a rotor speed difference from rotor speed information 
and rotor position information which are outputted from the rotor position speed detection 
means 8. And in the speed-difference control means 21, from a value of a rotor speed difference 
detected by the rotor speed difference detection means 20, a torque command value for 
controlling so that speed difference is set to 0 is calculated, and this is outputted to the sine- 
wave-driving circuit 9. 

[0073]The control regulating ratio input means 22 outputs a control regulating ratio inputted 
from the exterior to the speed-difference control means 21. And a torque control applies the 
speed-difference control means 21 with an inputted control regulating ratio, and it adjusts 
condition. 

[0074]Next, a principle of operation of the rotor speed difference detection means 20 in a torque 
control device of an electric motor concerning this invention and the speed-difference control 
means 21 is explained. Drawing 17 is a key map showing an example of operation of rotor speed 
difference control. The rotor speed difference detection means 20 asks for the mean velocity 1 
and the mean velocity 2 of the two 90-degree sections in a position which a rotator faces 
mutually using speed information detected by the rotor position speed detection means 8. Since 
rotation of a rotator has change and vibration will have occurred by that cause, when such speed 
has a difference, in order to reduce the speed difference, speed-difference information is fed 
back and a current command value is adjusted. A method of adjustment is calculated by the 
following formula (9) like an adjustment type of acceleration control shown in the aforementioned 
example. 
[0075] 

tr(n+1, i) =tr(n, i)-Gaxd (i-m) (9) 

tr (n, i): Inverter torque command (n:rotation eye, i: rotor position) 
d(i): Rotor speed difference (i: a rotor position, micontrolled-variable injection point) 
Ga: — a control gain — here, the point m which feeds back rotor speed difference information 
considers a transfer characteristic from a torque command to speed, and sets it as a position of 
about 90 degrees ago from middle of a speed equalization field of the section 90 degrees. 
[0076] Drawing 18 is a block lineblock diagram showing control management of the rotor speed 
difference detection means 20 and the speed-difference control means 21. Here, speed- 
difference control is divided into N fields to the rotator angular position, and it calculates in the 
speed-difference control #1 means 23 - the speed-difference control #N means 24. After a 
controlled variable is adjusted with the controlled-variable adjustment device 25 by controlled- 
variable regulating ratio of control as which it applies and condition is expressed, a control 
output to the angular position of a rotator is outputted by the torque command correction 
amount interpolation means 19 as an interpolation value of N control outputs. 
[0077] Drawing 19 is a figure showing a principle of data smoothing for control stabilization in the 
speed-difference control means 21. Voltage or a current value which each speed-difference 
control means divided into N fields to a rotation angle position of a rotator outputs is restricted 
so that a difference with an output value of other speed-difference control means which adjoin 
to an angle of rotation may become below the predetermined value defined beforehand.The 
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distribution characteristic of a torque command value in case there is no such data smoothing is 
expressed with a graph (2) in drawing 19 . The charaoteristic at the time of performing data 
smoothing is expressed with a graph (1) in drawing 19 . Control is not stabilized by a noise local 
when a passage clear from drawing 1 9 does not restrict adjoining output difference etc., but 
control is stabilized when it restricts. 

[0078] Drawing 20 is a figure showing a principle of controlled-variable adjustment of the 
controlled-variable adjustment device 25 in the speed-difference control means 21. Voltage or a 
current value which each speed-difference control means divided into N fields to a rotation angle 
position of a rotator outputs is added with an average torque command obtained by a difference 
of target speed and speed, and is changed into an output for driving the motor 4 by the sine- 
wave-driving circuit 9 as a torque command. The output value is restricted so that it may enter 
within the limits of the minimum and the maximum. The maximum is set up not exceed switching 
element 5a -5f current capacity in the inverter 3. Usually, at the time of operation, a torque 
command correction amount is adjusted so that a torque command value may enter within the 
limits of this minimum and the maximum. 

[0079]The control effect is adjusted with a control regulating ratio to reduce an effect of a 
torque control when the mode of operation of a device was changed, or when output voltage of 
an inverter reaches the maximum. As shown in a graph (2) in drawing 20 , when a control 
regulating ratio is given, the range of a torque command is restricted to a narrow range. The 
range of the torque command will become like the following formula (10), if mt and a torque 
command maximum are set to maxt and it sets a control regulating ratio to tdec for an average 
torque command. 
[0080] 

[mt-min[mtxtdec, x(maxt-mt) tdec] 
mt+min [mtxtdec and x(maxt-mt) tdec]] 
(10) 

Here, minO expresses selection of a value of little way. That is, a torque command range adjusts 
charge condition of a torque control by changing the range of fluctuation of a torque command 
by a control regulating ratio under conditions included in a range decided by switching element 
5a -5f, realizing an average torque command. As shown in a graph (1) in drawing 20 , when a 
control regulating ratio is not set up, the range of a torque command will spread dramatically. 
[0081] Drawing 21 is an example of the control regulating ratio input means 22 as a device for a 
resident to change the mode of operation of the air conditioner, when a torque control device is 
a device which drives a compressor of an air conditioner. A resident is comfortable in the mode 
of operation of an air conditioner, or case [ with emphasis on ************** ], a control 
regulating ratio is decreased according to the input value, and how for a torque control to start 
by that cause decreases within the limits of allowable vibration. Thereby, although vibration of an 
exterior unit increases a little, since it is tolerance level within the limits, it is satisfactory. Since 
the range of a torque command of a torque control becomes narrow then, current variation 
decreases and it becomes energy saving. On the contrary, it is the reverse when it is considered 
as comfortable mode. 

[0082] Drawing 22 is a figure showing operation of the speed-difference control means 21 when 
output voltage of the inverter 3 reaches the maximum. When load of the compressor motor 4 
increases, inverter output voltage reaches a peak price and it is driving by wide angle 
energization near a sine wave or it, a voltage waveform is confused and it has influence of a 
drive becoming unstable etc. Therefore, making inverter output voltage great needs to restrict to 
a predetermined range desirably. On the other hand, when carrying out a torque control, in order 
to apply torque correction, inverter output voltage is changed and it becomes easy to reach the 
maximum. 

[0083]Therefore, when inverter output voltage reaches the maximum, it can stop that adjust 
effectiveness condition of a torque control with a control regulating ratio, and inverter output 
voltage becomes excessive first. When inverter output voltage reaches the maximum, this 
control regulating ratio is reduced by a fixed hour rate, and, thereby, inverter output voltage is 
reduced. Since a torque control can be further applied when inverter output voltage declines, a 
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control regulating ratio is made to increase. Thus, a measure against voltage saturation at the 
time of a torque control is realized. 

[0084]In the case of a torque control device which drives a compressor of an air conditioner, 
there is a tendency for vibration to increase on the characteristic of a compressor as a low 
rotational frequency. In order to reduce the vibration, it is necessary to carry out a torque 
control but, and since a torque control is accompanied by change of current, it will reduce 
operating efficiency. Therefore, when tolerance level has vibration, there is a merit by an effect 
of energy saving of a direction which stopped a torque control. 

[0085] Drawing 23 is the figure which expressed about an execution system of a torque control in 
a torque control device. In order to reduce vibration, a torque control is carried out, and in 
consideration of energy-saving nature, a torque control is carried out by more than it below at 
predetermined change number of rotations, for example, SOr.p.s. 

[0086]Next, processing at the time of an end of a torque control is explained. Since vibration of 
an electric motor increases rapidly when a torque control is intercepted suddenly, a shock 
occurs. In order to avoid it, it is necessary to reduce an effect of a torque control gradually. 
Drawing 24 is the figure which expressed about a smooth stop method of a torque control. 
Usually, at the time of operation, a torque command is controlled to fall within a range of an 
upper and lower limit value specified with switching element 5a -5f current capacity, as explained 
previously. After stop instruction of a torque control occurs, by decreasing a control regulating 
ratio at a fixed rate to time, in the controlled-variable adjustment device 25, the range of a value 
of a torque command is narrowed gradually, and an effect of a torque control decreases 
gradually. If time furthermore passes and a control regulating ratio is set to 0, an effect of a 
torque control will be lost and it will become the inverter operation of a fixed output by an 
average torque command. 

[0087] Next, a way method of a vibration reducing method at the time of an end of a torque 
control is explained. As explained above, at the time of rotation stops of 1 piston rotary 
compressor, vibration becomes large. On the other hand, although it controlled to a 
predetermined rotation stop angle and a method which lessens a vibration level at the time of a 
stop was described, vibration can be further reduced by performing a brake output at the time of 
a stop. 

[0088] Drawing 25 is a figure showing an example of a motion of a rotor at the time of a stop. 
Although rotated with a current wave form of sine wave shape at the time of operation, 
energization for rotation is stopped with a stop, as opposed to it, simultaneously an electric 
motor — fixed voltage — in addition, it is hung on a brake by sending a direct current. By a 
brake, vibration at the time of a stop is reduced quickly, and ends a stop brake after oscillating 
reduction. 

[0089] Drawing 26 is a figure showing an example of current wave type at the time of a stop. 
Stop brakes are applied with rotation stops. On the other hand, current is changed by an 
oscillating current ingredient generated by fixed current and vibration of a rotor by a brake. When 
the change becomes below a fixed value, it judges that vibration was settled and a stop brake is 
ended. Thereby, a basis of any loads can reduce compressor vibration effectively. 
[0090]Although an above embodiment explained a case where the current sensors 7a"7b were 
formed into the inverter 3, it cannot be overemphasized that it is good also as that with which 
the rotator acceleration detecting means 12 could be equipped with, and the rotor position speed 
detection means 8 was equipped. 

[0091]Even if it realizes the above inverter 3 and torque control means 11 in an embodiment in a 
hard circuit for exclusive use, it cannot be overemphasized that it may realize by software using 
a microcomputer. 
[0092] 

[Effect of the Invention] Even when driving load factors, such as a large compressor of a torque 
pulse, as mentioned above according to the torque control device of the electric motor of this 
invention, When the roll acceleration or revolving speed of a rotator of an electric motor is 
detected and this controls acceleration or speed, while reducing rotation pulsation, By an 
electrical angle, it is 1 80 degrees or less more greatly than 1 20 degrees, energization is carried 
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out, and a low noise level is also realized with the smooth current wave form near a sine wave. 
[0093]The stable torque control is realized with a low noise level with the smooth current wave 
form near a sine wave by controlling the difference of the revolving speed of the position which 
faces to the angle of rotation of the rotator of an electric motor. 

[0094]When a torque control means controls either the voltage given to an electric motor based 
on the torque command correction amount memorized by the torque correction amount storage 
means at the time of starting, or current, the low vibration stable from the time of starting and a 
low noise are realized. 

[0095]It is stabilized even when a torque control means has an unstable power supply by 
applying amendment to output voltage based on the value of the voltage of the power supply 
input of the inverter detected by the source voltage detecting means, and low vibration and a 
low noise are realized. 

[0096]In addition, at the time of a stop of an electric motor, energization is stopped by the 
position of the rotator magnetic pole of an electric motor, and low vibration at the time of a stop 
is further realized by changing the stop position by the number of rotations or torque before a 
stop. 

[0097]A torque control action is stabilized by giving restriction to the difference of the adjoining 
torque command to each of the acceleration control output in a torque control, a speed-control 
output, or a speed-difference control output. 

[0098]Protection of a device is realized to the acceleration control output in a torque control, a 
speed-control output, a speed-difference control output, and each by setting the upper and 
lower limit of the torque command as values, such as electric capacity of an inverter. 
[0099]Adjustment of the control effect of a torque control is attained by carrying out adjustment 
restriction of the torque command in a torque control at the range which applied the control 
regulating ratio from the range of the predetermined minimum given beforehand and the 
maximum. 

[OlOOjIn addition, the device with which a user can choose the operation setting focused on 
energy saving is realized by inputting a control regulating ratio from the exterior by a control 
regulating ratio input means. When the output voltage of an inverter reaches the maximum, 
disorder of the voltage waveform at the time of voltage saturation and an unstable drive can be 
avoided by changing a control regulating ratio. The change shock at the time of change of a 
control regulating ratio is reduced by changing a control regulating ratio at the predetermined 
rate of a temporal change. 

[0101]By stopping the torque control in the comparatively low high speed area of vibration, a 
torque control with high operating efficiency is realized. At the time of the stop of a torque 
control, the shock at the time of a torque control stop is reduced by making it decrease that it is 
also at a fixed rate about a control regulating ratio. 

[0102]After suspending the rotational output of an electric motor at the time of a stop of an 
electric motor, the further low vibration at the time of a stop and a quick stop are realized by 
performing a brake output. In the case of any loads, positive low vibration-ization is realized by 
deciding on time to perform the brake output at the time of an electric motor stop by change of 
current. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi„ejje?atw_u=http%3A%2F%2Fwww4.i... 2008/07/08 



JP.2001 -037281, A [DESCRIPTION OF DRAWINGS] 



1/2 ^— i? 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing the composition of the torque control device of the 
electric motor concerning the embodiment of the invention 1 . 

[Drawing 2] It is a block diagram showing the composition and operation of a rotor position speed 
detection means in Embodiment 1. 

[Drawing 3] It is a block diagram showing the composition and operation of a sine-wave-driving 
circuit in Embodiment 1 . 

[Drawing 4] It is a figure showing an example of change of the load torque to angle of rotation of 
the compressor motor in Embodiment 1 , speed, detection speed, detection acceleration, and a 
torque command correction amount. 

[Drawing 5] It is a block diagram showing the composition and operation of the torque control 
means which can be set in Embodiment 1. 

[Drawing 6] It is a characteristic figure showing operation of the torque command correction 
amount interpolation means in Embodiment 1. 

[Drawing 7] It is a characteristic figure showing an example of the control result obtained by 

Embodiment 1. 

[Drawing 8] It is a characteristic figure showing an example of the experimental result of the 
maximum counterrotation speed to the rotation stop angle of the rotary compressor of one 
piston. 

[Drawing 9] It is a characteristic figure showing an example of transition of the dc output voltage 
of a rectification circuit. 

[Drawing 10] It is a flow chart which shows the power-supply-voltage correcting method in 
Embodiment 1. 

[Drawing 1 1] It is a characteristic figure showing the load torque at the time of starting of a 
torque control, and steady operation, and an example of transition of a torque command 
correction amount. 

[Drawing 1 2] It is a flow chart which shows operation of the control starting performance option 
of a torque control means using the torque correction amount storage means in Embodiment 1 . 
[Drawing 13] It is a characteristic figure showing an example of load torque change of the 
conventional rotary compressor. 

[Drawing 14] It is a wave form chart showing an example of the current at the time of the torque 
control drive in the conventional torque control device. 

[Drawing 15] It is a wave form chart showing an example of vibration of the circumferencial 
direction of the compressor at the time of the torque control drive in the conventional torque 
control device. 

[Drawing 16] It is a block lineblock diagram of the torque control device of the electric motor 
concerning the embodiment of the invention 2. 

[Drawing 17] It is a key map showing operation of the rotor speed difference control in 
Embodiment 2. 

[Drawing 18] It is a block lineblock diagram showing the control management of the rotor speed 
difference detection means in Embodiment 2, and a speed-difference control means. 
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[Drawing 1 9] It is a figure showing the principle of data smoothing for the control stabilization in 
the speed-difference control means in Embodiment 2. 

[Drawing 20] It is a figure showing the principle of controlled-variable adjustment of the 
controlled-variable adjustment device in the speed-difference control means in Embodiment 2. 
[Drawing 21] It is an example of a control regulating ratio input means for a resident to change 
the mode of operation of an air conditioner. 

[Drawing 22] It is a figure showing operation of a speed-difference control means when the 
output voltage of an inverter reaches the maximum. 

[Drawing 23] It is the figure which expressed about the execution system of the torque control in 
a torque control device. 

[Drawing 24] It is the figure which expressed about the smooth stop method of the torque 
control. 

[Drawing 25] It is a figure showing an example of a motion of the rotor at the time of a stop. 
[Drawing 26] It is a figure showing an example of the current wave type at the time of a stop. 
[Description of Notations] 

1 AC power supply and 2 A rectification circuit and 3 An inverter, 4 compressor motors (electric 
motor), 5a-5f switching element, a 6a-6f reflux diode, and 7 Base driver, 7a - 7b current sensor, 
8 rotor-position speed detection means (rotor speed detection means), 8a A three-phase-circuit 

2 phase-number-conversion means and 8b A motor model current calculating means and 8c 
Reverse electromotive voltage estimation means, 8 d A speed estimating means and 8e A 
position estimation means, 9 sine-wave-driving circuits, and 9a Speed control means, 9b A 
current delta PI control means and 9c A current gamma PI control means and a 9d 2 phase 
three-phase-circuit conversion method, 9e power-supply-voltage compensation means, 9f gating 
signal generating means, and 10 Base driver, 1 1 A torque control means and 12 A rotator 
acceleration detecting means and 13 Acceleration control means, 14 A torque correction amount 
storage means, 15a, 15b partial pressure resistance, and 16 source voltage detecting means, 17 
Acceleration control #1 means (controlled variable computing means), an 18 acceleration-control 
#N means (controlled variable computing means), 1 9 torque-command correction amount 
interpolation means, and 20 A rotor speed difference detection means and 21 A speed- 
difference control means and 22 Control regulating ratio input means. 
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[0 0 3 7] *^0J(C*5U>T. ^/^^^J^#S 
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[0 0 3 8] Sfc. *l§I^^C*5V^-r. 

m-r^:iti^n^Lxi3'o . mmm<7^w±ma±. mm 

[0 0 3 9] ^mm(DMc^mfimM(DWM^mm 

mmm<D v^\^i'mmm.m.K-:^^^xm'^^^m\.fs:t^^m 

rn-r^, 01(4. llii(7)jf^^i{c;?).^.6«tf)«iZ)F;u^ 

^5a ~5f i«»f£^V;f-K6a ~6f ir^^^fiCl/^o 
9 l^:^ D C T'fc SJEEHa^-iJ' 4 ^sipft $ 
[0 0 4 0] 3(t*5V^-r. «ijf£-fe ^-f" 7 a ~ 

ft ^i-S-^~V^T. IE5m«S!)lHiiiS 9 4 ^ 

30 l|E»)-r§fc*(D K 7 -TT-ft-^ ;^ Vy^^^l Ofrffl 
;'3L. -<-^ K^'T^^l 0f4. •?:<^K7'l'>^m-§-fctt§o 
T, y^l^^'mi-^a ~5f trffiiJ-rSfcft©-!!-^ 
^mts-r^o */c. «»fE-fe>f-7a ~7b {CJ;t9^^tii$ 

s ^jSi^ t •^■(BM©t*^;o^ > lE^mmm^ 9 finite 
[0 04 1] Vf^i^mn^^ 1 1 (-*5v>-c. nuiEi^M 

i 5 {cffj»-r5fcfe(D ^/^^^i^srJE?^&ig^i]IlIiiS9 

eti)B#{^{4h/u^^*E»IBtt#Si 
4(c|Eii$|x/c h/w^ffi^(Z)MiE»?riE^^!B»IiIi^9 
lct±l;f3L/c®^,. gfrfe^W#(ci4@^^)P)gSi-r^fc«) 

f4. 5 a t^i^mmi sb t-e^3^j±$tifdt 

50 -f•{C»<5V^T«M«^^ffl#^l 6^S^tabfc^J^«JE 



(8) 



13 



[0 04 21 m^. mm-imMwm^'^ s (o^m^ 
ov>T. mM-k^m\^fiifi^wmth. 1112 ft. nite-T- 

Sif-fe^-f-Ta ~7b tCj:»9:^ m^ixfc tt%iu i: * 



#M 2001-37281 

14 

(1) l-J;!3s m^Mt(D:f7>'^:^DC^~-^iDM^ 

(Dmmi y (t) .kic^m-rso 

[0 0 4 3] 

mi] 



C 1 ) 



cos(*) sine*) 
-alnt^j cos(fi) 



[0 0 4 4] ^-^^f/i^mmmw-^^ 8 b it. ^e—^ 
qm-d^'^^^i^:^. Ts .nMib. i 



*3(t5W^'jteD^-^«0|iM6 (t)*5j;tJ«iM7 (t) 
[0 0 4 5] 



1- — -TB Hi'T-Ts 
U R 



Mt-1) 



Ts 



0 
1 



<2) 



[0 0 4 6] fi^^tlfc^-iJ'W^iMS (t)*Jj:tJ^iM 



(3) (v:j:i9*ii)e,nSo 

[0 0 4 7] 
[^3] 













Ai,(t) 











(3) 



[0 04 8] (D^mmmn. m-^mmns. e m . jt^ 

.B„(t)»B„tt-1 J -QeAl^Ct) 



[0 0 4 9 J 
[»4] 



-(4J 



[0 0 5 0] Sfc. jSSft;£^S 8 d ^ (5) tCi «iJl»Ts, *3 J; t>'3Sig¥*Sffi CO MO ty^^-G 9 



15 



10 0 5 1] 



Ts 



(9) 

■son c«^(t-l) J-AMt) 
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(5) 



[0 0 5 2] ^fzs {iSft^^g Sett. 5C ( 6 ) tc J; 
[0 0 5 3] 

*^(t)»*„(t-1) +Ts«Mj^<t> (6) 



^ [0 0 5 5] sbic. mtE(Dm&tBmM^t(Dmm(r) 



10 



[0 0 5 4] C<^^Jt<^ff^litC*5(t-5IE3SS]iEI!] 
HISS 9 (^t^lf^icov^THffilr#M L/£;J5 P,UiBj-t-5„ m 
3 fl. iE3£JgilE»|HlES 9 <D 1 0(Z)^Jfe«?]^^w«^i:«i 
t^r^-TT'n y :^'ll-efc5„ I2I3(C^5^^T. ST. 3 

ffi 2 ti'^m^s 8 a tt. ti« $ titc\B\m^it.m e^m^^^ 
i V ;5>e>s: (1) 5 tmmi yi^mm^fi 

5„ JS^20 



P lUm^m.dhlC^'O. -|S6^/iP I 

i Y oMM^^hmmy P I W®¥S:9 c (CJ: 19 , - 
P I 19 i±i;f3ffi^**«). y W;^[S]©tti;^ 

if So *ai!)p3n7t2;^iBi(Z)tB;^v 6 i: Vy;5^6). t±i;ti 

[0 0 5 6] 
[^7] 



COS (<») ~stn (^} 



Vu 
Vv 



[0 0 5 7] «M«JElcj;?,1iiE«rmMfl:EElf 
E^S9 e^cJ;^9^Tl/^. *fcbttfc3tatii;^Si±^^m 
•t-SJ;5t-> 3*S:9-W6oco;^-r y^V-^S^ 5a ~5 

So 

[0 0 5 8] ^<Dmmmm\zian?> h/^i^^mn 
#si 1 <^-#"!j<z)i!]#(coi/^Ts^0j-rso ia4tt. mm 

iStt> A^t h/i'^ bjERMm^-r:'M^ h/i^^r^:k^\,^t 



1/2 



1/2 



(7) 



[0 0 5 9] 12 5(1, :L(DmM<DmmK^\-f^ h/i-i^m 

So i:ix\ m^^^ipis^^iii^^ 1 2{±. mm 
^mmmmmmm^sicxKinhtitzmm^m^'x. ^ 

gicj;i9^f9#;tsr^{cj:t9. fiJ»iitt®^iP^#^ 

[0 0 6 0] -t-/£;bfe. *PjiS^W-rstt. Hl^^- 
50 (D^^©firglC^LX(l> ^rofi:*lC^;«;LfcJP3i«?r 
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tr(n+l, i )=tr(n, i)-GaXa(i) 
tr(n, i ) : W^-iJ' Yj^^^^ (n : Ulte 

i 

a ( i ) : mmi-Mmm ( i : mm^^m) 

Ga : $IJ#pyV V 

ffi^f-^^^it xummm # i 1 7 i ^ Ljp^ggaij^ 10 

10 0 6 21 S 6 h/l'^it^MiEiltra^S 1 9 CD 

[0 0 6 3] 7iib\ c:(75^moff^ffi-efi. iims.^m\<^ 

m^-^^^xmm(Dmmi:MmLxtmm(D h/u-^aw^ 

[0 0 6 41 mi^niTyy (1) *5j:t/:J^~7:7 (2) 

(2) h/i^^ mmi:mmhtcm'^(Dmm.m^<D-m 

[ 0 0 6 5] Hstt. 1 f;^ h^/p-i^? yj±i8^(^lilte 40 

#^/^{it■'^ihB#o^ltt;OS:;^§< /ce5.„ II|8;5^6,t3;5^?)<fc 
MM-t^o :i<DZ.ti}>h.. W^<om^W'itnm^U^X 
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i=mmi-^:^tt-r^o M^ttTiE©^ (s) kx^o 

[0 0 6 1] 

(8) 

5 J: 5 L. -< 3 © 

[0 0 6 6] 0 9 . SwfElUSS 2 CDS:»tctH;fja;ffi , 

1 1 » J: 5 hyi-^ M»^^f 5 mmmn 

1 Hifef-e'r >/-<-^ 3 J; h^i-i^ jS^^Kt-f-'Sfc 

fcJ;5l-> lffi;a5*:^Vmax , */hVmin »KT'«-f 

¥S 1 6 J; 9 h^fzW^%&m:m\^X4 

[0 0 6 7] -t-Z^tp-^v Hi 0}C^-t-:7ci— ^-t— 

Sffi«ltti^Sl 6^cj;i9^^!S«i^;a51tffi$^^-5o 
^xy7°S 1 2^^:J3^^-t. iE?miEti]|iIIJS9 t-*3(t5 2 
ffi3ffi'^i^#^9 d{Cj;!9HffiOtfi;^mjEVu . Vv . 
Vw ^LT. Xxy7"S 1 3{C*3V^-C. 

«M«ffiMiE#S: 9 e (r i (9 PWMcDa«^;S^ mM« 
W.Nm}i];AfiWSMM. Vv . Vw ©Jt:a>b*i6 P^tL 
-So ^6.}-, ;^rs':/s 1 4{c*5V^-c. y-hm-i-lS^ 

K^-Y^-^i 0{c:ffi;^*tv5o 

[0 0 6 8] m^. V)^^miEmm^^ 1 4 ^fflv>fc 
-rm>&mxh^. fij^tssb. :ftwh 
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[0 0 7 0] t"^it>*>> la 1 2}C^-t":7n— 

s 2 3 ^;l*5^^T, tm^mm^Wi 1 3 tcj; ^Msaow 

2 5 (CiolNT. JD3g^§IJ»^S 1 3 J; 19 hntz.m 

[0 0 7 1] mmmm 2 ) j^at. 

A^^mmm<D h^i-i^mmmu<D-:^'ti y^mi^mxh^o 20 
mm<Dmm^mn?>tz^. mi ecf^icjov^-cmi 

[0 0 7 2] mmmm 2 h/v^fiw^© 1 1 

tr (n+1, i) —tT (n, i) — GaX ( 
t r (n, i) : ^ >'/^-i5' h/^^tt^ 

(n : lUteS, i : IhI«g^{4S) 

d (i) : H^^jiSH (i : Sfe^^Sx m : UmA&A 
^■.) 30 
Ga : flJI^yV V 

[ 0 0 7 6 ] 0 1 8 (1, mmi^m^mmta^^ 2 0 *5 j; 
t^3iSM$ij»^© 2 1 «*j^^a^^-t-7V y ^s^m 

TNfla(Z)^*^}'5)-ftT5gS^©l1iNl# 1 ^®2 3~i$SII 

ftW#N^S2 4}:l^3V^TM®^fT5„ 40 

2 5 J; mmmK mm<oA>nM'^^m-rm 
[0 0 7 7] in 1 9 fi. mmmum^m 2 1 (c^sit ^^ij 
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mMm^Wiz 1 }c*5v^T{i. iHitei^5ts^^ffi^S2 0 

t /j: S i 5 § fc h ^ fl^tt^SIMt L 

[0 0 7 3] *fc. flJ««*A;^¥^2 2«. ^gPi 

D A*$tl.SffWPS*^a^MftM^®2 1 {zn^ti-r 

[0 0 7 4] *|SBJt:::d^;5^5«lti*ll© V;v^mm 

»¥S2 l(^i)]^mai-ov^TlftBj!-^?>o Ell 7(i. 0 
^ Ji^S^^m^S 2 0 @ite^^{4g3t«ma¥^ 8 {c 
i-5{4«(cfe5 2-oW9 0SKrBl©¥J^aiSl*5j:y«5p 

*ii3iS2^*fe5„ ::-fih<oms.\^m^h^m^\t^ m 
t SCO -e. ^(Dm'S.n-^^w.-r^fzyf). asu 

(9) tcJ;!9|g^$n5o 

[0 0 7 5] 

(i -m) (9) 

^mi.i3m\ 9'¥<Difyy (2) ^c:*$t^TV^5o 4 

y (1) (c^sn-ci^So mi Qt^hmht^fiitid^ . 

[0 0 7 8] EI 2 0 (i. iiS^Sja^a 2 1 tC*3(t S$IJ 

^m&m.mn^^(Dmti-t^mBt. fz\twtkm-t. g ^ 
^fix. hJ\^i'm^t\.xiEmmmm^9\zi:y)^~- 

5a ~5f©m^^S^*^Sx;iV^J;5^-l^^$ttTV^ 

[00 7 9] mu'Dmrn^e- kstw t) -r 
^mm^M^mm'r?>o ^20^0^97 (2) k^-t 
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21 



22 



tt> ¥:^h/Ui^i=i^Srmt. h/P^'Jt^iPfi^ma X * [0 0 8 0] 

[m t — m in [mtXtdec^ (maxt- 
^ m t +m i n [m tXtdec^ (maxt- 



i^t de c bi-tl\-£. ^<D^ (1 0) O 



::^T% min [ lit. ^i>?'^v^^^ 5 «^flf<^il*^%« 

1 0 0 8 1 1 ig 2 1 {4. hJi-i^pmmwi!)^^mm<Ds.m 
A;^¥©2 2(^-M-efe5„ ^mm(Dmm^ 

{Is ^(D^xh^o 

IOO82J 022 {4, -< 3 (Dmtl^-A^M^ 

imcmLfzm^<D. m&mmm^m2 KDmi'f^m-tm 
timmimmimcm\^tzm^. lE^m. *fc«^ni-ia 30 

[0 0 8 3] X^tzH^-oX. >'/^— i5'ffi:^mj±;i)^~ft^ffi 

i^^<—^^ttn&tmr\^x\^^fzm^s v^^^i^ 
[0 0 8 4] ^mm(ommm^mm-r^ Vfi'^ummm. 



mt) Xtdec] 
m t ) X t d e c ] ] 
(10) 

[0 0 8 5] 0 2 3 {4, \-;^^mm^w.\^^n^ v/i-^' 
un(Dmm^\^^\<^xm\^fzmxh^o m^<D^mm 
teic. fcixfis 0 r. p. s.wTT'tt. mm^\m.-r 

^tz^\cV;v^mm^M1k\^. ^ne^±T'f4. 

[0 0 8 6] v/vi^uw^T^<Dmmc-o\^xm. 

m^^o v;\^^Wim\^^mmm\^fzm^. mmm(D 
mmffi^MKmM-r^tz^. mmtim^-f^. ^n^m 
m-r?)tzmat. h/i-^mu<o^W:^{&w.i^x\,^ 

3felc|ftB^Lfcj; 9{Cs ~5f©fl; 

?5 . ummw^mm Kn\^x--s.<Dm^x»p $ *t 
^i)m^\mmvx\^^<o ^himmmmu mmm 

[0 0 8 7] m^. h^i^^mmmT^(Dmmi&m:^m<D 
-^m\c^\'^xmm-r?>o ±m\cxmmvtzib\c. 1 

^(Dmmi^^/^^(p-^£<-r^^^ii^-<tzAK ^ hic. 

i&.m-t?>:itif)^x%^. 

[0 0 8 8] 02 5(4. it±m(Du~^(Dm^(D—m^ 

y)m^mm^nx\,^^i^. ^±tmcmm:<Dtcib<Dmm 
[0 0 8 9] 0 2 6 (4. w±^(Dmm.mi^(D~m^^ t 
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[0 0 9 0] *4b\ &.±.(Dmm<Dmmx-n. mm±y9- 

[0 0 9 1] sfc. u±(Dmm<Dmmizi3\f?)-fy^'<- 

^ 3 iaxn h/i-i^mm^^ 1 1 it. mm<Dy^~ vm^x 

V'^:^Txm^\^xh^^^:Ltm^ot.xhfi\<\ lo 

[0 0 9 2] 

wmi:mmi-^m^xh. mmm<Dmm^(Dmmmmm 
mm^m^-^xi 2 om^^iz^< 1 s om&krxmm 

[0 0 9 3] Sf!)m»lHlteT-OliII5^l(^*fbT 20 

[0 0 9 4] *fc. Y/^^mn^^\t. mmmz\i. y 

W^-^i^h^(DXh^o 

[0 0 9 5] Y^^irmn^M. mMW±.m\i^ 
\cm'^^^x^tsm&KmiE^i)>n^^t\cx.^mmt^^ 

-So 

[0 0 9 6] *D;1T. «t!)^Wff _iliB#(cl(±. fl;ti)^©|I] 

mi-mm<D-m'&<Dmm.xm^^w± $ e> tc^coi^jh 

[0 0 9 7] h/i'jj'fij^{c43»t5JP3*ftffl^m;^. mm 

mmiiif:-^ti\-ms.m\m\^ti(D^fi^fi{-n\^Xs m 40 

/i^ ^ sb^-^^isss-r 5 o -e fc 5 o 

[0 0 9 8] h/i'^SiJWfrfctt'S^iqjigMWai 

tSs jiSWipm;^. aSMfflWffi;^. ^t^mtr^L 

[0 0 9 9] v^i-^um^m-f^y^^i^m^ 

<t 9 fiJ«S*^»{t:fet5ffl{ciiSSypS$ti-5 ^t\zX. 50 
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v;\^^mn<Dmm^^<Dmmi'^mtti^h(r>xh 

•So 

[0100] ijp^T. fiJ^I«S^A;^/¥®}-J;t)^95;5^ 

^(Dmmmm^m^x^^^otmmim^^ti^. * 

[0101] St!i©ii:t!5Wfg;V>^i£Mictcdo(t5 h/P^ 
[0 10 2] «til^©ffJt^}C{i. S«)11(?5llltetil** 

[0 3 ] HJSom^ 1 {c*?(tSjE^j&^iti[iI^(0«^ 

m 5 ] 1 Kisn^ien^ Vfi-^um^^ 

m 6 ] mmmm 1 {c:*5tt5 h/^^m^miEAW^ 

[0 7 ] mm<Dmm 1 icct 

[08] nfy^h'^(Dti~^])Bmm<^mmw±'^m 

[010] mmmm 1 {d*5»t6«j!iSffiMjE*-fe^ 

[011] h/i'i5'gj|fii©ieii)^*5j:of3tf'afeit<7)A 

tt0T'fe5„ 

[012] ^JfecDJi^ffi 1 iCjottS h/Wi^^ftiEMatt^ 



(14) 

25 

1013] '^miDv-^vmmm<^M^h/\^i^mwi(D 
mi4] m^<D ^/^^$iJ^^g^-^3^t^ v/^i^um 

;v^mwmm.(D-fn y^m^m-^^h^. 10 
mis] mmmm 2 K^n^ism^mmm^m^ 
[Hi 9] mmmm2izi3t,i-:6m^mm'M^mcjrs 

-So 

[0 2 0 1 mm<Dmm 2 ^ctsi-f^mmmun^mcto 
if ?>mm*mm^m<Dmmmmm(Dmmt:m-tmxh 20 

-So 

[022] ^ >'/-<-^wm*«ffi;es*;'cffl{cSLfc» 

[023] h/^^S^»^Btc*^^t5 h/u^umomm 
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[02 4] ^y^^5'»©R^tffJh;^^^cov^Tabfc 
0-t?fe?)„ 

[025] ^ihNFW o — ^ (Dlft t W tr^ L;fe0t? 
[026] If ii:B#©««SSJ]^©-0i|^* Lfc0-e$> 
[;^#©^B^] 

1 ^mmUs 2 fii5^[His§. 3 ^^^/^-i?. 

4 (Stijii) . 5a~5f X-Tyf- 

i/^'*^, 6a~6f 7 
h'7^y<. 7a~7b ®^5S■fe■>'f-^ 8 Ete^^S 

SjSS^tH¥S (Ulte^^iiS^lffi^®) . 8 a 3ffi 
2tB'^m#S> 8 b ^-^^xVl-WMII^^^S. 

8 c m&mj£mM^^. s d s 
e imm^^m. 9 jE^^puiiai^. 9 a 

mmm^^. 9h «^ s p i fijw^s. 9 c « 

»Sy P I fW#S. 9 d 2ffi 3tS^m¥S. 9 e 

mmttiE^Ss 9 f hfe-i-i§^^^. 1 
0 xK9-r^->\ 11 vj^i^m^^^. 12 

[Hitei^ADjS^ittB^Ss 1 3 Dm&um^wts 1 

4 h/W^HlEltaii^^. 15 a. 15b ^^ffiig 

fets 1 6 mM«jEE:^i±i^s. 17 Mm&umti 
wc. 20 mm^mm^mm^^. 21 'i^mmmm 



[02] 



10] 



mm 



eM 



8<f 

-L 



iu 



8 

da ^ 































lyMi 









— R,Ld, 
Lq.T8 



Vy.Vff 



c 



S11 

SI 2 
SI 3 
SI 4 



I 



PWMC?5DUTY5»i|: 
duty(u)=1 00% XVu/VIn 
duty(v>« 1 00% X W/Vin 

1 ~ 
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[HI] 



[04] 



7a.7b mai-fe>1f 



— 6D.0 120.0 300.0 480.0 6B0.0 340.0 1,020.0 1 



"T — r 



).0 1,3 80.0 




[0 3] 



9a 



T 

90 



5 



9e 



9f 



6a 



(16) 
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IH5] 



[0 6] 



17 im&mmi^%^!^.mm&mn^^ 

18 mmmmm^u^m immM.mm^m 



mmmm 




mm 




(1) h))^^mmi3:Lm 




(2) hjvj^^m^s^n 




3f 



[02 31 



[Eisl 



100 



7S 



50 



25 




-100 -120 -eo 0 

iai£f$JtAi£ (deg) 



[0 91 



60 




-Vniin 



[014] 



CDIV/5A) 




(Div/SOmsec) 
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[011] 



[01 7] 




[012] 



[01 3] 





S2S 




[02 2] 



[015] 



0.020 




M 

« "0. 010 
-O. 020 



0.00 



0.05 0.10 O.I5 
B^P^ (sec) 
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lai 6] 




1W 



[Bll 8] 




25 



19 













MIES 













[H2 6] 
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IBIl 9] 



[112 0] 



(1) ^miiM^^m 




(1) «jES*5K3£ft U 



- 












rrTTfrrlT,. 










Irm-H > 



(St) ^miSM:6: 



(2) mmmn^^*} 



[02 41 



[02 5] 



-IC^ 



^ ^ ^ 







(51)Int.Cl/ fi^-^ 
H 0 2 P 5/00 
21/00 
5/41 3 0 3 

6/16 
6/20 
6/24 



F I 

H 0 2 P 5/00 
5/41 
5/408 

6/02 



Q 

3 0 3 Z 
H 
C 

3 4 1 N 
3 4 1 K 
3 4 1 L 
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(72)ig0j# mm m mmm m %-m 



